The consumption of arugula is low compared to lettuce and coriander. However, it has been increasing, and there is a lack of information on fertilization and culture times. Growth and development characteristics of arugula were assessed. It was fertilized with different amounts of rooster tree biomass, at different times in the soil. It was cultured at two planting times (springsummer and fall), in the municipality of Serra Talhada, PE, Brazil. The experimental design was randomized block, with treatments arranged on a 4 × 4 factorial, with three replications. The first factor is the amounts of rooster tree biomass (5.4, 8.8, 12.2 and 15.6 Mg ha -1 on a dry base), and the second one is times of incorporating in the soil (0, 10, 20 and 30 days before the planting of arugula). The characteristics of arugula assessed were: Plant height, number of leafs per plant, yield of green and dry mass of the above-ground part. The maximum yield of arugula was obtained at a dose of 15.6 Mg ha -1 of green fertilizer. Some synchronicity between the supply of nutrients (green fertilizer) and the period of maximum demand by the arugula plants was observed when they were incorporated 20 days before planting. The culture increased the cycle of arugula during the fall, offering greater green and dry mass yields to the culture.
INTRODUCTION
The production of vegetables in the Northeast Region of Brazil is done with mineral and organic fertilization, highlighting the use of cattle manure. Animal manure, organic compounds and agro-industrial residues are the target of a series of restrictions as to their use on organic agriculture (Silva et al., 2011) , in relation to the nutritional and sanitarian management of the animals that provide these fertilizers. One of the alternatives to the supply of nutrients to vegetables, with increased safety to the consumers, would be through green fertilization. It consists of adding non-decomposed vegetable material to the soil, produced in the location or brought from other areas. This is done with the purpose of preserving and/or restoring the organic matter contents and nutrients on the soil, and also improving it biologically (Calegari et al., 1993) .
The use of spontaneous species from the Caatinga biome may be a sustainable strategy for the use of the green fertilization practice in the semi-arid region . These species usually adapt to the edapho-climatic conditions of the region, are easy to collect, and have a high production of dry mass, low susceptibility to attack by plagues and diseases, chemical composition with significant nutrient contents and C/N relationship inferior to 30/1 (Liberalino Filho, 2013; Giacomini et al., 2003) .
Researchers conducted on the semi-arid region of the state of Rio Grande do Norte (RN), Brazil, have shown the agronomic and economic feasibility of the use of spontaneous rooster tree [Calotropis procera (Ait.) R.
Br.], hairy woodrose (Merremia aegyptia L.) and oneleaf Senna (Senna uniflora L.) plants as green fertilizers for the production of leafy and root vegetables (Linhares, 2009; Bezerra Neto et al., 2011; Silva et al., 2011; Batista et al., 2013; Bezerra Neto et al., 2014) . However, rooster tree has stood out in relation to the others due to its greater resistance to drought, and due to the fact that it may produce biomass even under severe drought conditions.
The rooster tree belongs to the Apocynaceae family and it has a wide geographic distribution, above all, under arid and semi-arid conditions Carvalho Júnior et al., 2010) . The plant remains green and exuberant during the entire year, originating a bush with quick growth and vigorous regrowth, and production capacity of 700 kg of dry mass ha -1 , within 60 days after cutting (Andrade et al., 2008) . The corresponding nitrogen, phosphorus and potassium contents are at 17.4, 4.4 and 23.5 g kg -1 of dry mass, respectively, and the C/N relationship is 25/1, favoring the mineralization process of the organic matter. Batista et al. (2013) highlight the capacity of this spontaneous species in improving the chemical and biological conditions of the soil, with a consequent increase on the productivity of radish, when fertilized with 21 Mg ha -1 of the green fertilizer, 21 days before sowing the culture. Linhares (2009) , working with this green fertilizer for the fertilization of leafy vegetables (lettuce, arugula and coriander), observed an increase on the height of plants, number of leafs and green, and dry mass yields. Between the highest and the lowest amount of biomass, 6 and 45 Mg ha -1 , respectively, the incorporation to the soil by the rooster tree increased 75% on the commercial productivity of carrot roots .
For the arugula culture (Eruca sativa L.), as well as for other leafy vegetables, the use of cattle manure and chemical fertilizers is a usual daily practice in order to meet the nutritional demands from these cultures (Björkman et al., 2011) . However, for the arugula culture, green fertilization with spontaneous species has offered significant increases on the yield of green mass (Linhares, 2009; Linhares et al., 2009) .
In that sense, the objective of the research is to evaluate the growth and development characteristics of arugula according to different amounts of rooster tree biomass and its times of incorporation to the soil, during two culture times (spring-summer and fall), under the conditions shown at Serra Talhada, PE, Brazil.
MATERIALS AND METHODS
The experiments were conducted in field, during two culture times: Spring-summer (November 15, 2011 to January 23, 2012 and fall (March 23 to June 04, 2012), at Universidade Federal Rural de Pernambuco (UFRPE), Unidade Acadêmica de Serra Talhada (UAST). It is located at 7º57"15" of South latitude and 38º17"41" of West longitude, with 461 m altitude, in the micro-region of Sertão do Pajeú, Northern Pernambuco, Brazil. The local climate, according to Köppen"s classification, is Bwh, referred to as semiarid, warm and dry; it has summer rains, annual thermal means of 24.7ºC and average annual rainfall of 642.10 mm (SUDENE, 1990; Medeiros et al., 2005) . The average meteorological data from the period in which the experiments were conducted are shown in Figure 1 .
The soil of the experimental area showed a sandy loam texture. During the spring-summer, its chemical characteristics, at 0-20 cm depth are: pH at H2O (1:2.5) = 7.2; M.O. = 12.8 g kg -1 ; P = 14.0 mg dm -3 ; K + = 0.5 cmolc dm -3 ; Ca 2+ = 3.9 cmolc dm -3 ; Mg 2+ = 1.2 cmolc dm -3 ; Al 3+ = 0.0 cmolc dm -3 ; and its chemical characteristics during the fall are: pH at H2O (1:2.5) = 6.5; M.O. = 12.7 g kg -1 ; P = 20.0 mg dm -3 ; K + = 0.4 cmolc dm -3 ; Ca 2+ = 3.4 cmolc dm -3 ; Mg 2+ = 1.1 cmolc dm -3 ; Al 3+ = 0.0 cmolc dm -3 . The experimental design used in each experiment consisted of randomized blocks, with the treatments arranged on a 4 × 4 factorial, with three replications. The first factor was constituted by four amounts of rooster tree biomass (5.4, 8.8, 12.2 and 15.6 Mg ha -1 on a dry base), and the second factor, by four times of incorporation in the soil by this green fertilizer (0, 10, 20 and 30 days before the sowing of arugula).
Each experimental plot had 1.44 m 2 , with a useful area of 0.80 m 2 . Six rows or planting lines were transversally arranged on each plot, with a distance of 0.20 m from each other, and 0.05 m between the plants on the row. The arugula cultivar that was planted was "Cultivada", indicated for culture on the Northeast region. The soil preparation in each experiment consisted of the manual lifting of the plants using hoes.
The rooster tree was collected in locations near UAST, and then it was grinded on a conventional foraging machine, producing ; C/N relationship = 25/1. The green fertilizer was incorporated in the soil at 0-20 cm layer on the experimental plots, according to the treatments. The daily irrigations were conducted in the morning and afternoon, in order to favor the microbial activity of the soil on the mineralization process of the organic matter.
The planting of arugula during the first culture time (springsummer) was conducted on December 15, 2011, while during the second time (fall), it was conducted on April 23, 2012. The notillage sowing was used, at a depth of 2.0 cm, sowing three seeds per hole. After ten days of the emergency, the thinning was conducted, leaving one plant per hole. The irrigations were conducted by a micro-aspersion system, providing a water blade of approximately 8 mm day -1 . Manual hoeing was conducted whenever necessary.
During the spring-summer, arugula was harvested 39 days after sowing (DAS), while, during the fall, it was harvested at 42 DAS. The harvesting point used consisted of the maximum vegetative development without the emission of floral stems. During the harvest, the following characteristics were evaluated: plant height, expressed in cm, obtained by measuring a sample of twenty plants with a ruler from the level of the soil up to the end of the highest leaf; the number of leafs per plant was determined on a sample of twenty plants, by counting directly the number of leafs over 3.0 cm in length, from the basal leafs up to the last open leaf; green mass yield, obtained from the fresh mass of the above-ground part of all plants on the useful area of the plot, expressed in Mg ha -1 ; and the dry mass of the above-ground part, estimated from the weight of the dry mass of twenty plants of the useful area, after drying in an oven with forced air circulation, with the temperature regulated at 65ºC until a constant mass was reached, and expressed in Mg ha -1 . Analyses of variance were conducted for the evaluated characteristics, where corrections were applied for 70% of the effectively planted area, using the SISVAR 3.01 application (Ferreira, 2003) . A joint analysis of these characteristics was conducted. A procedure to adjust response curves was conducted among the evaluated characteristics and the quantitative factors using the SigmaPlot 12.0 program (Systat Software, 2011). Tukey"s test (p<0.05) was used to compare the means between the culture times.
RESULTS AND DISCUSSION
From the results of the joint analysis of the evaluated characteristics according to the time of culture, the rooster tree biomass amounts and the time of being incorporated in the soil, an interaction was observed between the amount of green fertilizer and the times of incorporation for the number of leafs per plant. In relation to the dry matter of the above-ground part, an interaction occurred between the amount of rooster tree biomass and culture time factors. The interaction among three factors was observed only for the yield of green mass for arugula. The plant height and the number of leafs per plant were influenced by the culture times (Table 1) .
It may be observed that, for the planting of arugula during fall, the height and number of leafs per plant were superior to that planted during spring-summer (Table 2 ). This result is probably because the mean temperature is close to 26ºC and the photoperiod is below 12 h during the fall (Figure 1 ). This favors the vegetative growth of the culture. On the other hand, at the end of spring and beginning of summer, a mean of maximal temperatures above 34ºC and days with light lasting for over 12 h occurred (Figure 1) , which possibly had a negative effect on the growth of arugula. The influence of the meteorological factors on the arugula plants also changed the harvesting period observed by the difference on the culture cycles during spring-summer (39 DAS) and fall (42 DAS).
Similar results were obtained by Tuncay et al. (2011) , evaluating the effect of cattle manure (100 Mg ha -1 ), calcium nitrate (150 kg ha -1 of N) and ammonium sulfate (150 kg ha -1 of N) on the productivity of arugula during different months of the year. The authors observed better results during the coldest months, since the growth cycle was larger, that is, with more than four weeks.
The height of the arugula plants increased linearly with the growing amounts of green fertilizer incorporated in the soil. For each ton added to the soil, an increment of 0.71 cm (Figure 2A ) was recorded. The height of arugula increased in a quadratic manner with the times of incorporation of the green fertilizer in the soil, reaching a maximum value of 24.71 cm at 21.7 days, and then decreasing up to the last time of incorporation of the green fertilizer ( Figure 2B ). This positive result is probably due to the greater availability of macronutrients (N, P, K, Ca and Mg) on the soil after the green fertilization . Incorporating the arugula 22 days before sowing favored the mineralization of the green fertilizer constituents, promoting the improvement or maintenance of the fertility of the soil. ; ** and *: non-significant, significant at 1 and 5% of probability, according to the F test, respectively. Means followed by the same letter on the column do not differ from each other according to Tukey"s test at 5% of probability. immobilization process (Giacomini et al., 2003) . In addition to the increase on the soil fertility, fertilization with vegetable species that occur spontaneously on the region also favors the microbiological aspects of the soil, with the increase on the amount of actinomycetes, fungi and bacteria that benefit the growth of plants, since they work for the solubilization of nutrients of the green fertilizer (Batista et al., 2013) . Possibly, the constant irrigation and occurrence of mean temperatures above 26ºC during the experiments (Figure 1 ) stimulated the microbial activity.
The dry mass of the above-ground part of arugula increased with the growing amounts of fertilizer, reaching maximum values of 2.36 (spring-summer) and 2.42 Mg ha -1 (fall) at a dose of 15.6 Mg ha -1 ( Figure 4A ). On the other hand, analyzing the culture times within the amounts of rooster tree, significant differences are observed between the times only with 5.4, 8.8 and 12.2 Mg ha -1 , with greater dry mass of the above-ground part on the fall culture (Table 3) .
The high temperatures associated with the long days during spring-summer (Figure 1 ) possibly contributed to damage the formation of leafs and the production of dry mass by arugula (Tables 2 and 3) , since these Table 3 . Mean values of the dry mass of the above-ground part of arugula for the unfolding of the interaction of culture times according to the amounts of green fertilizer, obtained from the biomass of rooster tree.
Culture time
Dry mass of the above-ground part (Mg ha -1 ) Means followed by the same letter on the column do not differ from each other according to Tukey"s test at 5% of probability.
meteorological factors stimulate the synthesis of gibberellins, which are related to early bolting, growth of the stem and reduction on the number of leafs on leafy vegetables (Souza et al., 2008; Taiz and Zeiger, 2013) . For the dry mass of the above-ground part of arugula, a growing behavior was also observed with the times of incorporation in the soil of the rooster tree, up to 1.98 Mg ha -1 within 23.1 days, then, decreasing up to the last evaluated time ( Figure 4B ). The study of the time of incorporation in the soil of the green fertilizer allows the identification of the synchronicity moment between the mineralization of the vegetable residue and the period of maximum nutritional demand of arugula (Myers et al., 1994) ; that is, the fertilization approximately 23 days before planting of the culture offered the ideal time to make the nutrients on its chemical composition available to the soil solution, thus, favoring the absorption and accumulation of the biomass by the plants.
For the green mass yield of arugula, by analyzing the interaction of the amounts of green fertilizer within times of incorporation in the soil and culture times, it was observed that the increase on the amount of rooster tree promoted an increase on the productivity of the culture, with maximum values of 36.79 Mg ha -1 (spring-summer) and 44.83 Mg ha -1 (fall) within 20 days ( Figure 5A and B). The regressions related to the times of 30 days on the spring-summer culture and 10 and 20 days on the fall culture did not allow the adjustment of regression equations; however, the mean values obtained were 27.70, , respectively ( Figures 5A  and B) .
Analyzing the interaction of the times of incorporation in the soil according to the amounts of rooster tree biomass and the culture times, it was observed, on the springsummer planting, a quadratic response for the fresh mass yield of arugula, considering the maximum value of 36.24 Mg ha -1 at a quantity of 15.6 Mg ha -1 of the fertilizer, at the incorporation time of 20.8 days before planting. For the amounts of 8.8 and 12.2 Mg ha -1 , there were no adjustments of regression equations on the first culture time; however, the productivity mean was 28.35 and 29.92 Mg ha -1 , respectively ( Figure 5C ). From the same analysis, but for the fall culture, the largest yields of arugula green mass were observed within the incorporation time of 22 days, associated with the amounts of 12.2 and 15.6 Mg ha -1 of green fertilizer.
Values were estimated on the order of 44.16 and 44.90 Mg ha -1 , respectively. For the same combinations of the factorial, it was observed that the productivity of fresh mass of the arugula cultivated during the fall was higher than the values observed for the spring-summer culture ( Figure 5D ).
According to Grangeiro et al. (2011) , the largest demands for nutrients by arugula occur within the period between 25 and 30 days after sowing, therefore, with a greater demand occurring 45 days after the incorporation of the green fertilizer. It is highlighted that this recommended time did not change across the culture times, perhaps because the variation in temperature and solar radiation was unable to promote a change on the speed of the reactions between the microbiota and organic matter of the soil. Torres et al. (2005) verified that the greater mineralization of N on cultures used as green fertilizers occurred on the first 42 days after being desiccated, relating it to the low C/N relationship of the vegetable material (20-25/1). This proportion is similar to the one observed on the chemical composition of the rooster tree (25/1).
Previous studies with green fertilization that originated from the rooster tree, on the production of arugula, revealed a green mass yield of only 7.9 Mg ha -1 when using amounts of over 40 Mg ha -1 of rooster tree, associated with the time of 20 days of incorporation to the soil, on the spring culture, in Mossoró, RN, Brazil (Silva, 2012) . Such results were inferior to the ones found on this study, probably due to the low fertility of the soil before the implementation of the experiment Silva (2012) .
Also in Mossoró-RN, Linhares (2009) obtained, on the spring culture, a fresh mass yield of arugula of 25.09 Mg ha -1 when fertilized with 15.6 Mg ha -1 of green fertilizer made from rooster tree, and incorporated in the soil 15 days before planting. The author observed that this fertilizer offered greater development for arugula, compared to the use of green fertilizer made from hairy woodrose (Merremia aegyptia L.) and one leaf Senna (Senna uniflora L.). This was attributed to the potassium content on the rooster tree, since this is the main element demanded by arugula (Grangeiro et al., 2011) .
Considering the results, the fertilization of arugula using grinded rooster tree is recommended, on both culture times; however, the fall culture with 15.6 Mg ha -1 of the Figure 5 . Yields of arugula green mass due to the unfolding of the interaction of amounts of rooster tree biomass, within times of incorporation in the soil (A. spring-summer; B. fall) and the inverse (C. spring-summer; D. fall), within each culture time.
green fertilizer, incorporated in the soil 20 days before sowing may offer 22% increment on the green mass yield in spring-summer culture.
Conclusion
1. Better growth and development of the arugula plants was obtained with the amount of 15.6 Mg ha -1 of green fertilizer, of grinded rooster tree plant. 2. The ideal time of incorporation of the green fertilizer in the soil is 20 days before sowing of the arugula. 3. Larger green and dry mass yields of arugula fertilized with rooster tree is obtained in culture produced during the fall season.
